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Abstract 
This paper proposes a location tracking system to monitor livestock behaviour which provides 
useful information about their health and welfare. In the proposed approach, Bluetooth Low 
Energy (BLE) nodes are used to track dairy cows while a self-organizing multi-hop mesh 
network collects the data. This data is processed with an advanced tracking algorithm that 
copes with signal fading and body shadowing. The experimental validation is conducted in a 
barn with dairy cows over the course of three days and the presented results are verified with 
video data from a closed-circuit television (CCTV) system. 
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Introduction 
The automated analysis of animal behaviour has gained a huge interest over the last decade 
while farms got larger and were managed by fewer farmers. Knowing the location of all cows 
in a herd can provide real-time updates about an animal's health or welfare, by looking for 
anomalies. Most location tracking systems use a wired backbone network to report and 
transfer all measurements to a central location. This increases the installation cost and is not 
always feasible in harsh environments like a barn or stable. In this work a Bluetooth Low 
Energy (BLE) system that communicates over a wireless, self-organizing, multi-hop mesh 
network, is used to localize, track and monitor livestock. 
Bluetooth Low Energy 
The nRF51822 Bluetooth Smart SoC from Nordic Semiconductor were used for the BLE 
setup (Nordic Semiconductor, 2016). The setup consists of two sink nodes, nine anchors and 
four mobile nodes. The programmable development kits were used as sink and anchor, and 
the dongles are used as mobile node (Figure 1). 
 Figure 1: Two nRF51822 development kits and four dongles 
 
The sinks and anchors work in a plug and play fashion and organize themselves in a multi-
hop mesh network with the FruityMesh protocol (M-Way Solutions, 2016). FruityMesh is an 
open source implementation of a mesh network that is based on standard Bluetooth Low 
Energy 4.1 connections. In contrast to meshes that use advertising and scanning, this allows 
for a network run with battery-powered devices. It uses time multiplexing to allow 
simultaneous connections to different nodes. The two sinks both form a cluster with 5 or 6 
nodes and the mobile nodes broadcast packets at a sending rate of 1 Hz. All anchors and sinks 
receive the packets, and log the measured received signal strength indicator (RSSI) with a 
sequence number. The messages are forwarded to the sink nodes where they are annotated 
with a timestamp and merged into one log file. Outdated measurements are filtered out by 
making use of the sequence number. 
Tracking algorithm 
The tracking algorithm is based on a Viterbi-like technique (Trogh et al., 2015), (Trogh et al., 
2016). It uses a motion model and floor plan information to determine the most likely path 
(i.e., sequence of locations) instead of only the most likely current position (Viterbi principle). 
These constraints ensure that no unrealistically large distances are travelled within a given 
time frame and no fences or enclosures are crossed. A moving average of the measured RSSI 
values are used as input to calculate a location update. The tracking algorithm uses a cost 
function where the measurements are compared to reference RSSI values. These reference 
values are calculated with a theoretical pathloss model and are stored in a fingerprint database 
(Plets et al., 2012). The theoretical model takes into account the pathloss due to the travelled 
distance, the cumulated wall loss (when a signal propagates through a wall) and the 
interaction loss caused by direction changes of the propagation path from transmitter to 
receiver. The only prerequisite to generate the fingerprint database is to provide a floor plan 
of the environment; no additional measurements are needed. The pathloss due to the travelled 
distance is based on an experimental characterization of the off-body wireless channel at 2.4 
GHz for dairy cows in barns and pastures (Benaissa et al., 2016). 
Experiment configuration 
The measurements were conducted in a state-of-the-art research barn at the Institute for 
Agricultural and Fisheries Research (ILVO) in Melle, Belgium. The barn measures 114 by 36 
meters and is divided in several zones. A zone of 30 by 13 meters, housing 31 dairy cows, 
was used in the experiment. The zone consists of a concrete slatted floor and 32 individual 
cubicles, that were bedded with a lime-straw-water mixture (Figure 2). 
 
Figure 2: Experiment zone 
 
The cows had access to drinking water, a rotating cow brush and a milking robot via the 
feeding area and a smart selection gate (feed-first cow traffic system). The cows were fed 
roughage ad libitum. The concentrates were supplied both in the milking robot and by 
computerized concentrate feeders. Four different second parity Holstein cows were equipped 
with a BLE mobile node, attached to their collar in a plastic housing case along with a 
2000mAh battery (Figure 3). 
 
Figure 3: BLE node with housing case attached to collar 
 A closed-circuit television (CCTV) system with three cameras aimed at the experiment zone 
was used as ground truth verification (Figure 4). 
 
Figure 4: CCTV configuration 
 
Results 
Data was collected over the course of three days. Because cows spend most of their time lying 
down in the cubicles, a more active period was searched for in the CCTV video feed. A time 
interval of two hours (14h30 - 16h30), where a tracked cow passes by the feeding trough, 
walks around and ends at the drinking trough, was used to verify the location algorithm. The 
real position of the cow was marked on the floor plan based on the video data. 
Figure 5 shows the ground truth and reconstructed trajectory from the measured BLE system 
with the location tracking algorithm. The start and end point, feeding and drinking trough, 
cubicles, milking robot, and locations of the BLE anchors are also indicated. At 14h30 the 
cow is located in right bottom corner, eating at the feeding trough. Next, she moves to the left 
bottom corner where she moves around and eats again. Then, she goes to the drinking trough 
on the right where the trajectory stops at 16h30. The proposed location tracking system has a 
median accuracy of 3.3 meter, the mean and standard deviation of the accuracy are 4.2 and 
2.7 meter, respectively. The largest differences between prediction and ground truth occur in 
left bottom corner while the cow is eating. While she stands still for the almost 45 minutes, 
the prediction shows outliers up to 6 meters around the actual location. This is partly because 
of the metal surroundings of the feeding trough which cause reflections, shadowing and 
interference (Figure 3). 
 
Figure 5: Cow trajectory (14h30 - 16h30): ground truth (left) and location tracking algorithm 
(right) 
 
Figure 6 shows a five minute plot of the measured RSSI values with and without averaging, 
while the cow stood still. Signal variations of up to 12dB occur during the experiment, an 
averaging interval of 10 seconds diminishes the variations but they remain present. 
 Figure 6: Five minutes of measured RSSI data with and without averaging 
 
The deviations around the actual location also results in an overestimated travelled distance. 
According to the estimated locations with the BLE data, the cow walks over a total distance of 
101 meters. Based on the CCTV data this is only 58 meters. Another problem is the packet 
loss. Although the mobile nodes are broadcasting at a sending rate of 1 Hz, only 16% of the 
measurements arrive at the sink nodes (all communication is wireless and outdated 
measurements are discarded). This is partly caused by the housing case where the mobile 
node with integrated antenna is closely packed with the battery. Future work includes a new 
design to avoid shielding by the battery. 
Conclusions 
In this work a Bluetooth Low Energy (BLE) location tracking system to track and analyse 
cow behaviour, was proposed. Four cows were tracked over a period of three days while a 
CCTV system recorded all their movement with three video cameras. An active period of two 
hours was annotated manually to calculate the accuracy. During these two hours the median 
precision was 3.3 meter. This allows to find a cow but does not suffice to accurately calculate 
the travelled distance or analyse a cow's drinking and eating behaviour. Future work will 
include more accurate location tracking with ultra-wideband (UWB), and the collection and 
analysis of location data over longer periods of time.  
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